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Chapter 1

PARMS Data Structure Index

1.1 PARMS Data Structures

Here are the data structures with brief descriptions:

P_CSr . e
PCsrSpar . . . . . e e
_p_DistMatrix . . . . . . . e
_p_DistMatrix:: p_ Hash . .. .. ... ... ... .. .. .. ... .. ...
_p-DistMatrix::_p_Hash:: p_ HashOps . .. .. ... .. ... ... .........
_p_DistMatrix::_p_Sparse_Matrix_Storage_Format . .. ... ... ........
_p_DistMatrix::_p_Sparse_Matrix_Storage_Format:: p_ MatOps ... ... ...
p_DistMatrixCsr . . . . . . . . . .
p-Ext_ Max . ... e
pILUfac . . o o e
pIterPar . . . .
p-Mix_Schur . . .. .. . e
p-MultiSch . . . . .
_p-MultiSchllu . . . . . . ...
p-PiluComm . . .. .. . ..
p-PreCon . . . . . . e
p_Precon . . . . . .. e
p_PrePar . . . . . . . e
p-SchPilu . . . . .. e
P-VecC . e e
_p-Vec:: p_-Vec_.Comm . . . . .. .. .. ...
_p_Vec:: p_Vec_Comm:: p_ Vec.ComOps . ... ... ... ... ... . ......
Communication . . . . . .. ...
ILUTSfac . . . . . .
PerMat4d . . . . . o
SparRow . . . . . L
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Chapter 2

PARMS File Index

2.1 PARMS File List

Here is a list of all files with brief descriptions:

amxdiS.C . . . .. e e e e 41
APSC . e e e 43
ATIMNS2.C . . . v v o e e e e e e e e e e e e e e e e 44
armsheads.h . . . . . . ... 46
armsol2.c . . ... L L 67
base.h . . .. e 72
COIMIMLC . . v o v v e e i e e e e e e e e e e e e e e e e e e e e 74
data.h . . . . . 76
dd-grid-edge.c . . . . . . .. 82
dd-grid-simple.c . . . . . ... 85
dd-grid-solver.c . . . . .. .. 87
dd-grid.c . . . . . 90
dd-HB-simple.c . . . . . . .. e 92
dd-HB-dse.c . . . . . . . . . . 93
dd-HB-metis.c . . . . . . . . . . e 94
dd-HB-parmetis.c . . . . . . . . ... 95
defs.h . . . . e 97
dgmr.f . . . . . 98
fdmat.f . . . . . e e 102
gprecsol.c . . .o 106
hash.c . . . . . . . . 112
heads.h . . . . . . . e 114
ilu.c . . 115
IlUNEW.c . . . . . e e 117
lutpC.c . . . o e 118
indsetC.c . . . . . . . . e 120
Iters.c . . . . 122
itersf.f . . . L e 124
matrixX.C . . . . . .. 125
mMatrops.C . . . . . . . e e e 128
IMEIMNUS.C .+ . v v v e v v e e e e e e e e e e e e e e e e e 131
misc.t ..o 132

PiluNEW.c . . . . .. e 134



PARMS File Index

PreCOILC . . . . . . . . ottt e e e e 137
psparslib.h . . .. L 144
aqzhes.f . . . . . 164
qzit.f . . 165
azval.f . . . 166
azvec.t . .o 167
schgiluO.c . . . . . . . L 168
setpar.c . . . .. L e 169
SetS.C . . . L e 170
SetuP.C . . . . . e 174
skitc.c . . . L 176
skitf.f . e 179
solver.c . . . .. L 202
time.c . . . . . 203
tools.f . . L 204
uread.f . . . .. 207
VEC.C . o v vttt e e e e e 208
wreadmtpar.f . . .. .. 211
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Chapter 3

PARMS Data Structure
Documentation

3.1 _p_Comm Struct Reference

#include <data.h>

Data Fields

MPI_Comm mpi_comm
int myproc

int nloc

int nbnd

int nl

int npro

int dtype_flag

int nproc

int * proc

int * color

int * ix

int % ipr

int * ovp
MPI_Datatype * dtype

3.1.1 Field Documentation

3.1.1.1 intx _p_Comm::color
3.1.1.2 MPI Datatypex _p_Comm::dtype

Contains derived data type processor by processor

3.1.1.3 int _.p_Comm::dtype_flag

Derived data type has been created or not 0 not created 1 created
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3.1.1.4 intx _p_Comm::ipr

Pointer array. ipr[i] points to the beginning of the list of interface points that are coupled with
processor procli].

3.1.1.5 intx _p_Comm::ix

Local interface points found which are stored processor by processor

3.1.1.6 MPI_Comm _p_Comm::mpi_comm

Communicator used in PSPARSLIB.

3.1.1.7 int _p_Comm::myproc

processor id

3.1.1.8 int _p_Comm::nbnd

The number of interior variables

3.1.1.9 int _p_Comm::nl

nloc + EXTERNAL boundary points(variables)

3.1.1.10 int _p_Comm::nloc

The number of local variables

3.1.1.11 int _p_Comm::npro

The number of processors which are involved in computation

3.1.1.12 int _p_Comm::nproc

The number of adjacent processors found

3.1.1.13 intx _p_Comm::ovp

An array. ovpli] stores the number of processors contain local interface variable i

3.1.1.14 intx _p_Comm::proc

The list of adjacent processors found

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen



3.2 _p_Csr Struct Reference

3.2 _p_Csr Struct Reference

#include <data.h>

Data Fields

e int n

e int alusize
e double * ma
e int x ja

e int * ia

3.2.1 Detailed Description

CSR sparse storage format

3.2.2 Field Documentation

3.2.2.1 int _p_Csr::alusize

3.2.2.2 int x _p_Csr::ia

3.2.2.3 intx _p_Csr::ja

3.2.2.4 doublex _p_Csr::ma

3.2.2.5 int _p_Csr::n

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.3 _p_CsrSpar Struct Reference

#include <data.h>

Data Fields

¢ Csr smsf
¢ MatOps ops

3.3.1 Field Documentation
3.3.1.1 MatOps _p_CsrSpar::ops
3.3.1.2 Csr _p_CsrSpar::smsf

The documentation for this struct was generated from the following file:

o data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen



3.4 _p_DistMatrix Struct Reference

3.4 _p_DistMatrix Struct Reference

#include <data.h>

Data Fields

char type [TYPESIZE]

Comm comm

int *x map

int * perm

int * node

_p_DistMatrix::_p_Hash *x hash
_p-DistMatrix::_p_Sparse_Matrix_Storage_Format A
_p-DistMatrix::_p_Sparse_Matrix_Storage_Format X

3.4.1 Detailed Description

Distributed matrix

3.4.2 Field Documentation
3.4.2.1 struct _p_DistMatrix::_p_Sparse_Matrix_Storage_Format _p_DistMatrix::A
3.4.2.2 Comm _p_DistMatrix::comm

Define the communication struct of distributed matrix

3.4.2.3 struct _p_DistMatrix::_p_Hash x _p_DistMatrix::hash
3.4.2.4 intxx _p_DistMatrix::map

map = is a pointer to a pointer map[i][0] = the number of processors contain global label i mapli][j]
= the processor ids contains the global label i j>=1

3.4.2.5 int x _p_DistMatrix::node
3.4.2.6 intx _p_DistMatrix::perm
3.4.2.7 char _p_DistMatrix::type[TYPESIZE]

Indicates object type to be used to retrieve correct function pointers type = csr at current imple-
mentation

3.4.2.8 struct _p_DistMatrix::_p_Sparse_Matrix_Storage_Format _p_DistMatrix::X

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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PARMS Data Structure Documentation

3.5 _p_DistMatrix::_p_Hash Struct Reference

#include <data.h>

Data Fields

¢ int hash_size
e int xx hash_table
¢ _p_DistMatrix::_p_Hash::_p_HashOps * hash_ops

3.5.1 Detailed Description

Hash struct

3.5.2 Field Documentation

3.5.2.1 struct _p_DistMatrix::_p_Hash::_p_HashOps x _p_DistMatrix::_p_-
Hash::hash_ops

3.5.2.2 int _p_DistMatrix::_p_Hash::hash_ size

Size of hash table

3.5.2.3 intxx _p_DistMatrix::_p_Hash::hash_table

Hash Table

The documentation for this struct was generated from the following file:

o data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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11

3.6 _p_DistMatrix::_p_Hash::_p_HashOps Struct Reference

#include <data.h>

Data Fields

e int(* createhash )(struct _p_DistMatrix x)

e int(* storeinhash )(struct _p_DistMatrix =, int, int)
e int(*x gethashvalue )(struct _p_DistMatrix x, int)

e int(* freehash )(struct _p_DistMatrix x)

e int(*x printhash )(struct _p_DistMatrix x)

3.6.1 Field Documentation

3.6.1.1 int(x _p_DistMatrix::_p_Hash::_p_HashOps::createhash)(struct
_p_DistMatrix *)

Create hash table

3.6.1.2 int(x _p_DistMatrix::_p_Hash::_p_HashOps::freehash)(struct _p_DistMatrix
*)

Free memory allocated for hash table

3.6.1.3 int(x _p_DistMatrix::_p_Hash::_p_HashOps::gethashvalue)(struct
_p-DistMatrix x*, int)

Retrieve entry from hash table

3.6.1.4 int(x _p_DistMatrix:: p_Hash:: p_ HashOps::printhash)(struct _p_DistMatrix
*)

Print the entry stored in hash table

3.6.1.5 int(x _p_DistMatrix::_p_Hash::_p_HashOps::storeinhash)(struct
_p-DistMatrix x*, int, int)

Insert entry into hash table

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen



12
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3.7 _p_DistMatrix::_p_Sparse_Matrix_Storage_Format
Struct Reference

#include <data.h>

Data Fields

e void * smsf
e _p_DistMatrix::_p_Sparse_Matrix_Storage_Format::_p_MatOps * ops

3.7.1 Detailed Description

sparse matrix storage format and matrix operations

3.7.2 Field Documentation

3.7.2.1 struct _p_DistMatrix::_p_Sparse_Matrix_Storage Format::_ p_ MatOps x
_p_DistMatrix::_p_Sparse_Matrix_Storage_Format::ops

3.7.2.2 voidx _p_DistMatrix::_p_Sparse_Matrix_Storage_Format::smsf
The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.8 _p_DistMatrix::_p_Sparse_Matrix_Storage_Format:: _p_-
MatOps Struct Reference

#include <data.h>

Data Fields

void
void

° * createmat )(struct _p_DistMatrix xxdm, char xtype)
[ ]

e void
[ ]

[ ]

)
* deletemat )(struct _p_DistMatrix #xdm)
* printmat )(struct _p_DistMatrix *dm, char xbase)
* getmap )(struct _p_DistMatrix *dm, int *part, int *p, int *n)
void(x copycsrtodm )(struct _p_DistMatrix xdm, double xa, int xja, int xia)
int(x getvalofdim )(struct _p_DistMatrix *dm)
int(x getvalofnnz )(struct _p_DistMatrix *dm)
void(x bdry )(struct _p_DistMatrix )
void(* setup )(struct _p_DistMatrix )
void(* lamux )(struct _p_DistMatrix *, double *x, double *y)
void(x amxdis )(struct _p_DistMatrix *, struct _p_Vec x*, struct _p_Vec )

void

— o~~~

3.8.1 Field Documentation

3.8.1.1 void(* _p_-DistMatrix::_p_Sparse_Matrix_Storage _Format::_p_Mat-
Ops::amxdis) (struct _p_DistMatrix x,struct _p_Vec x,struct _p_Vec

)

amxdis

3.8.1.2 void(* _p_DistMatrix::_p_Sparse_Matrix_Storage Format::_p_Mat-
Ops::bdry)(struct _p_DistMatrix x)

bdry and setup seperate interior and interface variables

3.8.1.3 void(* _p_-DistMatrix::_p_Sparse_Matrix_Storage _Format::_p_Mat-
Ops::copycsrtodm) (struct _p_DistMatrix xdm, double xa, int xja, int
xia)

copy CSR to distributed matrix structure

3.8.1.4 void(x _p_DistMatrix::_p_Sparse_Matrix_Storage Format:: -
p-MatOps::createmat)(struct _p_DistMatrix #+dm, char

xtype)

Create and Delete distributed local matrix

3.8.1.5 void(* _p_DistMatrix::_p_Sparse_Matrix_Storage _Format::_p_Mat-
Ops::deletemat) (struct _p_DistMatrix *+dm)

Create and Delete distributed local matrix

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.8.1.6 void(* _p_DistMatrix::_p_Sparse_Matrix_Storage Format::_p_Mat-
Ops::getmap)(struct _p_DistMatrix *dm, int xpart, int xp, int
*1)

set up map from global label to processors

3.8.1.7 int(x _p_DistMatrix::_p_Sparse_Matrix_Storage_Format::_p_Mat-
Ops::getvalofdim) (struct _p_DistMatrix xdm)

get the dimension of local matrix

3.8.1.8 int(x _p_DistMatrix::_p_Sparse_Matrix_Storage_Format::_p_Mat-
Ops::getvalofnnz)(struct _p_DistMatrix *dm)

get the size of none zero elements in the matrix

3.8.1.9 void(x _p_DistMatrix::_p_Sparse_Matrix_Storage Format::_p_-
MatOps::lamux) (struct _p_DistMatrix *, double xx, double

*y)

amxdis

3.8.1.10 void(x _p_DistMatrix::_p_Sparse_Matrix_Storage Format:: -
p-MatOps::printmat) (struct _p_DistMatrix *dm, char
xbase)

output distributed local matrix

3.8.1.11 void(x _p_DistMatrix::_p_Sparse_Matrix_Storage Format::_p_Mat-
Ops::setup) (struct _p_DistMatrix *)

bdry and setup seperate interior and interface variables

The documentation for this struct was generated from the following file:

o data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.9 _p_DistMatrixCsr Struct Reference

#include <data.h>

Data Fields

char type [TYPESIZE]
Comm comm

int ** map

int * perm

int * node

Hash hash

CsrSpar A

CsrSpar X

3.9.1 Detailed Description

Distribted Matrix structure — local matrix are stored in CSR format

3.9.2 Field Documentation

3.9.2.1 CsrSpar _p_DistMatrixCsr::A

3.9.2.2 Comm _p_DistMatrixCsr::comm

3.9.2.3 Hash _p_DistMatrixCsr::hash

3.9.2.4 intxx _p_DistMatrixCsr::map

3.9.2.5 int x _p_DistMatrixCsr::node

3.9.2.6 int x _p_DistMatrixCsr::perm

3.9.2.7 char _p_DistMatrixCsr::type[TYPESIZE]
3.9.2.8 CsrSpar _p_DistMatrixCsr::X

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.10 _p_Ext_Max Struct Reference

#include <data.h>

Data Fields

e csptr L
e csptr U

3.10.1 Field Documentation
3.10.1.1 csptr _p_Ext_Max::L
3.10.1.2 csptr _p_Ext_Max::U

The documentation for this struct was generated from the following file:

o data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.11 _p_ILUfac Struct Reference

#include <data.h>

Data Fields

e csptr L
e csptr U

3.11.1 Detailed Description

Storage format

3.11.2 Field Documentation

3.11.2.1 csptr _p_ILUfac::L

3.11.2.2 csptr _p_ILUfac::U

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.12 _p_IterPar Struct Reference

#include <data.h>

Data Fields

e int iters

int in_iters

int ipar [18]

double pgfpar [2]

3.12.1 Detailed Description

Parameters for iteration

3.12.2 Field Documentation
3.12.2.1 int _p_IterPar::in_iters

the number of inner iteration

3.12.2.2 int _p_IterPar::ipar[18]

ipar[0:17] = integer array to store parameters for both arms construction (arms2) and iteration
(armsol2).

ipar[0]:=nlev. number of levels (reduction processes). see also ”on return” below.

ipar[1]:=bsize. Dimension of the blocks. In this version, bsize is only a target block size. The size
of each block can vary and is >= bsize.

ipar[2]:=iout if (iout > 0) statistics on the run are printed to FILE xft

The following are not used by arms2 — but should set before calling the preconditionning op-
eration armsol2: ipar[3]:= Krylov subspace dimension for last level ipar[3] == 0 means only
backward/forward solve is performed on last level. ipar[4]:= maximum # iterations on last level

ipar[5-9] NOT used [reserved for later use] - must be set to zero. [see however a special use of
ipar[5] in fgmresC.]

The following set method options for arms2. Their default values can all be set to zero if desired.

ipar[10-13] == meth[0:3] = method flags for interlevel blocks ipar[14-17] == meth[0:3] = method
flags for last level block - with the following meaning meth[0] permutations of rows 0:no 1: yes.
affects rperm NOT USED IN THIS VERSION xx enter 0.. Data: rperm meth[1] permutations
of columns O:no 1: yes. So far this is USED ONLY FOR LAST BLOCK [ILUTP instead of
ILUT]. (so ipar[11] does no matter - enter zero). If ipar[15] is one then ILUTP will be used
instead of ILUT. Permutation data stored in: perm2. meth[2] diag. row scaling. 0:no l:yes.
Data: D1 meth[3] diag. column scaling. 0:no 1:yes. Data: D2 similarly for meth[14], ..., meth[17]
all transformations related to parametres in meth[#] (permutation, scaling,..) are applied to the
matrix before processing it

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.12.2.3 int _p_IterPar::iters

the number of iterations

3.12.2.4 double _p_TterPar::pgfpar|[2]

tolerance for stopping criterion. process is stopped as soon as (||.|| is the euclidean norm): ||
current residuall|| / ||initial residual| <= eps pgfpar[0] — eps on the last level pgfpar[l] — eps on
the intermediate level

The documentation for this struct was generated from the following file:

e data.h
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3.13 _p_Mix_Schur Struct Reference

#include <data.h>

Data Fields

¢ ilutptr int_max
o Ext_Max ext_max

3.13.1 Field Documentation
3.13.1.1 Ext_Max _p_Mix_Schur::ext_max
3.13.1.2 ilutptr _p_Mix_Schur::int_max

The documentation for this struct was generated from the following file:

o data.h
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3.14 _p_MultiSch Struct Reference

#include <data.h>

Data Fields

¢ pdptr levmat
e ilutptr ilsch

3.14.1 Detailed Description

Data structures returned by arms. see heads.h for the definitions p4ptr and ilutptr

3.14.2 Field Documentation

3.14.2.1 ilutptr _p_MultiSch::ilsch

3.14.2.2 p4ptr _p_MultiSch::levmat

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen



22

PARMS Data Structure Documentation

3.15 _p_MultiSchllu Struct Reference

#include <data.h>

Data Fields

¢ pdptr levmat
¢ SchPilu schpilu

3.15.1 Field Documentation
3.15.1.1 pdptr _p_MultiSchIlu::levmat
3.15.1.2 SchPilu _p_MultiSchllu::schpilu

The documentation for this struct was generated from the following file:

o data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.16 _p_Pilu_Comm Struct Reference

#include <data.h>

Data Fields

¢ MPI_Comm mpi_comm
e int myproc

e int nloc

¢ int nbnd

e int npro

e int nproc

¢ int ncolor

e int np_hcolor

e int np_lcolor

e int nrecv

e int tag

e MPI Datatype * snddtype
e MPI Datatype * shdtype
e MPI Datatype * rldtype
o MPI Datatype * sldtype
e MPI Datatype * rhdtype
o MPI Status * status

e MPI_Request * request

e int x color

e int x proc_hcolor

e int x proc_lcolor

e int x nodes_recv

e int x ix

e int x ipr

e int x proc

3.16.1 Detailed Description

Data structure returned by gilu0 and gilut.

3.16.2 Field Documentation
3.16.2.1 intx _p_Pilu_Comm::color

An integer array of size npro contains colors assigned to processors

3.16.2.2 intx _p_Pilu_Comm::ipr

Pointer array. ipr[i] points to the beginning of the list of interface points that are coupled with
processor proc|i]

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.16.2.3 intx _p_Pilu_Comm::ix

Local interface nodes which are stored processor by processor. For parallel ilu0, ix is the same as
the member ix in the structure Comm, for parallel ilut, ix maybe contains more nodes.

3.16.2.4 MPI_Comm _p_Pilu_Comm::mpi_comm
3.16.2.5 int _p_Pilu_Comm::myproc

processor id

3.16.2.6 int _p_Pilu_Comm::nbnd
3.16.2.7 int _p_Pilu_Comm::ncolor

The nubmer of colors assigned to processors

3.16.2.8 int _p_Pilu_Comm::nloc

The number of processors which are involved in computation

3.16.2.9 intx _p_Pilu_Comm::nodes_recv

An integer array of size nrecv which contains external nodes received from adjacent processors.
those external nodes are stored with local label in their own processor

3.16.2.10 int _p_Pilu_Comm::np_hcolor

The number of adjacent processors whose colors are higher that of this processor

3.16.2.11 int _p_Pilu_Comm::np_lcolor

The number of adjacent processors whose colors are less that of this processor

3.16.2.12 int _p_Pilu_Comm::npro
3.16.2.13 int _p_Pilu_Comm::nproc

The number of adjacent proc

3.16.2.14 int _p_Pilu_Comm::nrecv

The number of external nodes received from adjacent processors

3.16.2.15 intx _p_Pilu_Comm::proc

The list of adjacent processors which are sorted in ascending order. proc[i] is the processor ID,
proc[i+nproc| contains the number of nodes received from processor procli]

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.16.2.16 intx _p_Pilu_Comm::proc_hcolor

An integer array contains the index of processors in proc whose colors are greater than that of
this processor

3.16.2.17 intx _p_Pilu_Comm::proc_lcolor

An integer array contains the index of processors in proc whose colors are less than that of this
processor

3.16.2.18 MPI_Request+ _p_Pilu_Comm::request
3.16.2.19 MPI Datatypex _p_Pilu_Comm::rhdtype

A derivated datatype array for receiving data from processors with higher colors

3.16.2.20 MPI _Datatypex _p_Pilu_Comm::rldtype

A derivated datatype array for receiving data from processors with lower colors

3.16.2.21 MPI _Datatypex _p_Pilu_Comm::shdtype

A derivated datatype array for sending data to processors with higher colors

3.16.2.22 MPI_Datatypex _p_Pilu_Comm::sldtype

A derivated datatype array for sending data to processors with lower colors

3.16.2.23 MPI_Datatypex _p_Pilu_Comm::snddtype

3.16.2.24 MPI_Statusx _p_Pilu_Comm::status

3.16.2.25 int _p_Pilu_Comm::tag

The documentation for this struct was generated from the following file:

o data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.17 _p_Precon Struct Reference

#include <heads.h>

3.17.1 Detailed Description

Preconditioner struct

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.18 _p_Precon Struct Reference

#include <heads.h>

3.18.1 Detailed Description

Preconditioner struct

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.19 _p_PrePar Struct Reference

#include <data.h>

Data Fields

e int mc

e int Ifil [7]

e int ipar [18]

¢ double droptol [7]
e double tolind

3.19.1 Detailed Description

Parameters for preconditioner construction

3.19.2 Field Documentation
3.19.2.1 double _p_PrePar::droptol[7]

Threshold parameters for dropping elements in ILU factorization. droptol[0:4] = related to the
multilevel block factorization droptol[5:5] = related to ILU factorization of last block. This flex-
ibility is more than is really needed. one can use a single parameter for all. it is preferable to
use one value for droptol[0:4] and another (smaller) for droptol[5:6] droptol[0] = threshold for
dropping in L [B]. See piluNEW.c: droptol[l] = threshold for dropping in U [B]. droptol[2] =
threshold for dropping in L"{-1} F droptol[3] = threshold for dropping in E U"{-1} droptol[4] =
threshold for dropping in Schur complement droptol[5] = threshold for dropping in L in last block
[see ilutpC.c] droptol[6] = threshold for dropping in U in last block [see ilutpC.c]

3.19.2.2 int _p_PrePar::ipar[18]

ipar[0:17] = integer array to store parameters for both arms construction (arms2) and iteration
(armsol2).

ipar[0]:=nlev. number of levels (reduction processes). see also ”on return” below.

ipar[1]:=bsize. Dimension of the blocks. In this version, bsize is only a target block size. The size
of each block can vary and is >= bsize.

ipar[2]:=iout if (iout > 0) statistics on the run are printed to FILE xft

The following are not used by arms2 — but should set before calling the preconditionning op-
eration armsol2: ipar[3]:= Krylov subspace dimension for last level ipar[3] == 0 means only
backward/forward solve is performed on last level. ipar[4]:= maximum # iterations on last level

ipar[5-9] NOT used [reserved for later use] - must be set to zero. [see however a special use of
ipar[5] in fgmresC.]

The following set method options for arms2. Their default values can all be set to zero if desired.
ipar[10-13] == meth[0:3] = method flags for interlevel blocks ipar[14-17] == meth[0:3] = method
flags for last level block - with the following meaning meth[0] permutations of rows O:no 1: yes.

affects rperm NOT USED IN THIS VERSION xx enter 0.. Data: rperm meth[1] permutations
of columns O:no 1: yes. So far this is USED ONLY FOR LAST BLOCK [ILUTP instead of
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ILUT]. (so ipar[l1] does no matter - enter zero). If ipar[15] is one then ILUTP will be used
instead of ILUT. Permutation data stored in: perm2. meth[2] diag. row scaling. 0:no l:yes.
Data: D1 meth[3] diag. column scaling. 0:no 1:yes. Data: D2 similarly for meth[14], ..., meth[17]
all transformations related to parametres in meth[#] (permutation, scaling,..) are applied to the
matrix before processing it

3.19.2.3 int _p_PrePar::1fil[7]

Ifil[0:6] is an array containing the fill-in parameters. similar explanations as above, namely: 1fil[0]
= amount of fill-in kept in L [B]. lfil[1] = amount of fill-in kept in U [B]. etc..

3.19.2.4 int _p_PrePar::mc

multi color the domains or not 1 multi-coloring; 0 non-multi-coloring

3.19.2.5 double _p_PrePar::tolind

Tolerance parameter used by the indset function. a row is not accepted into the independent set
if the srelativex diagonal tolerance is below tolind. see indset function for details. Good values
are between 0.05 and 0.5 — larger values tend to be better for harder problems.

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen



30

PARMS Data Structure Documentation

3.20 _p_SchPilu Struct Reference

#include <data.h>

Data Fields

¢ Pilu_ Comm pcomm
¢ Mix_Schur mschur

3.20.1 Field Documentation
3.20.1.1 Mix_Schur _p_SchPilu::mschur
3.20.1.2 Pilu_Comm _p_SchPilu::pcomm

The documentation for this struct was generated from the following file:

o data.h
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3.21 _p_Vec Struct Reference

#include <data.h>

Data Fields

¢ _p_Vec::_p_Vec_Comm * vec_comm
e double * vec

e double * alias

e double * ext_node

e MPI_Request * request

e int x perm

e int x node

3.21.1 Detailed Description

Define operations on vector

3.21.2 Field Documentation
3.21.2.1 doublex _p_Vec::alias

The back-up pointer to the memory allocated when creating Vec object

3.21.2.2 doublex _p_Vec::ext_node

Nodes received from adjacent processors

3.21.2.3 intx _p_Vec::node

Local label i (after permutation) corresponds global label nodel[i]

3.21.2.4 intx _p_Vec::perm

Permutation array local label permli] is mapped to new local label i after permutation (that is
interior followed by interface nodes )

3.21.2.5 MPI_Requestx _p_Vec::request

Communication request (handle)

3.21.2.6 doublex _p_Vec::vec

The vector
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3.21.2.7 struct _p_Vec::_p_Vec_Comm * _p_Vec::vec_comm
The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen



3.22 _p_Vec::_p_Vec_Comm Struct Reference

33

3.22 _p_Vec::_p_Vec_Comm Struct Reference

#include <data.h>

Data Fields

¢ Comm comm
¢ _p_Vec::_p_Vec_Comm::_p_Vec_ComOps * vec_comops

3.22.1 Detailed Description

Communication structure

3.22.2 Field Documentation
3.22.2.1 Comm _p_Vec::_p_Vec_.Comm::comm

3.22.2.2 struct _p_Vec::_p_Vec_Comm::_p_Vec_ComOps *x _p_Vec::_p_Vec_-
Comm::vec_comops

The documentation for this struct was generated from the following file:

e data.h

Generated on Sat Nov 29 14:57:09 2003 for PARMS by Doxygen
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3.23 _p_Vec::_p_Vec_Comm::_p_Vec_ComOps Struct Refer-
ence

#include <data.h>

Data Fields

e void(* msg_bdx_bsend )(struct _p_Vec %)
¢ void(* mtype_create )(struct _p_Vec x*)
e void(x mtype_free )(struct _p_Vec )

3.23.1 Detailed Description

Communication functions related to vectors msg_bdx_bsend send and receive data mtype_create
create derived data type mtype_free free derived data type

3.23.2 Field Documentation

3.23.2.1 void(x _p_Vec::_p_Vec_Comm:: p_Vec_ComOps::msg_bdx_bsend)(struct
_p_Vec )

3.23.2.2 void(x _p_Vec::_p_Vec_Comm:: p_Vec_ComOps::mtype_create)(struct
_p_Vec )

3.23.2.3 void(x _p_Vec::_p_Vec_Comm:: p_Vec_ComOps::mtype_free)(struct _p_Vec

*)
The documentation for this struct was generated from the following file:

e data.h
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3.24 Communication Struct Reference

The documentation for this struct was generated from the following file:

e data.h
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3.25 ILUTfac Struct Reference

#include <heads.h>

Data Fields

int n
SparRow *x C
SparRow * L
SparRow x U
int meth [4]
int * rperm
int * perm2
double * D1
double x D2
double * wk

3.25.1 Detailed Description

struct for storing data related to the last schur complement we need to store the C matrix asso-
ciated with the last block and the ILUT factorization of the related Schur complement.

3.25.2 Field Documentation
3.25.2.1 struct SparRowx ILUTfac::C

C matrix of last block

3.25.2.2 doublex ILUTfac::D1

diagonal matrices used for scaling if scaling option is turned on

3.25.2.3 doublex ILUTfac::D2

diagonal matrices used for scaling if scaling option is turned on

3.25.2.4 struct SparRowx ILUTfac::L

LU factorization

3.25.2.5 int ILUTfac::meth[4]

related to variants and methods

3.25.2.6 int ILUTfac::n

size of C block
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3.25.2.7 intx ILUTfac::perm2

symmetric permutation used in factorization comes from independent set ordering

3.25.2.8 intx ILUTfac::rperm

unsymmetric permutation not used in this version...but left for compatibility

3.25.2.9 struct SparRowx ILUTfac::U

LU factorization

3.25.2.10 doublex ILUTfac::wk

work vector of length n needed for various tasks

The documentation for this struct was generated from the following file:

e heads.h
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3.26 PerMat4 Struct Reference

#include <heads.h>

Data Fields

int n

e int nB

e SparRow x L
SparRow x U
SparRow x E
SparRow x F
int meth [4]
int * rperm

int * perm

double * D1
double * D2
double * wk
p4ptr prev
e p4dptr next

3.26.1 Detailed Description

struct for storing the block LU factorization contains all the block factors except the data related
to the last block.

3.26.2 Field Documentation
3.26.2.1 doublex PerMat4::D1

diagonal matrices used for scaling if scaling option is turned on

3.26.2.2 doublex PerMat4::D2

diagonal matrices used for scaling if scaling option is turned on

3.26.2.3 struct SparRowx PerMat4::E

sparse matrices in (1,2) and (2,1) parts of matrix

3.26.2.4 struct SparRowx PerMat4::F

sparse matrices in (1,2) and (2,1) parts of matrix

3.26.2.5 struct SparRowx PerMat4::L

ILU factors of B-block
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3.26.2.6 int PerMat4::meth[4]
3.26.2.7 int PerMat4::n

Size of current block

3.26.2.8 int PerMat4::nB

Size of B-block

3.26.2.9 p4ptr PerMat4::next

pointer to next struct

3.26.2.10 intx PerMat4::perm

symmetric permutation used in factorization comes from independent set ordering

3.26.2.11 p4ptr PerMat4::prev

pointer to previous struct

3.26.2.12 intx PerMat4::rperm

unsymmetric permutation not used in this version...but left for compatibility

3.26.2.13 struct SparRowsx PerMat4::U

ILU factors of B-block

3.26.2.14 doublex PerMat4::wk

work vector of length n needed for various tasks

The documentation for this struct was generated from the following file:

e heads.h
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3.27 SparRow Struct Reference

#include <heads.h>

Data Fields

e int n

e int * nnzrow
e double xx ma
e int xx ja

3.27.1 Detailed Description

C-style CSR format - used internally for all matrices in CSR, format

3.27.2 Field Documentation
3.27.2.1 intxx SparRow::ja

pointer-to-pointer to store column indices

3.27.2.2 doublexx SparRow::ma

pointer-to-pointer to store nonzero entries

3.27.2.3 int SparRow::n
3.27.2.4 intx SparRow::nnzrow

Length of each row

The documentation for this struct was generated from the following file:

e heads.h
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4.1 amxdis.c File Reference

#include "../../INCLUDE/psparslib.h"

Functions

¢ void amux (DistMatrix dm, double *x, double *y)
¢ void amux1 (DistMatrix dm, double *x, double *y)
¢ void amuxe (DistMatrix dm, double *x, double xy)
¢ void amxdis (DistMatrix dm, Vec x, Vec y)

4.1.1 Function Documentation
4.1.1.1 void amux (DistMatrix dm, double * x, double * y)

Dot-product version of local matrix-vector product
Distributed matrix and vector product for CSR format
y = dm*x

ON ENTRY :

dm = distributed local matrix handler

x = local vector

ON RETURN :

y = output local vector

4.1.1.2 void amux1 (DistMatrix dm, double * x, double * y)

axpy version of local matarix-vector product (for transposed)
Distributed matrix and vector product for CSR format

y =y + dmx*x

ON ENTRY :
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dm = distributed local matrix handler
x = external nodes

ON RETURN :

y = output local vector

4.1.1.3 void amuxe (DistMatrix dm, double * xz, double * y)

Dot-product version of local RECTANGULAR matrix-vector product
Distributed external matrix and vector product for CSR format

y = dmx*x

ON ENTRY :

dm = distributed local matrix handler

x = external nodes

ON RETURN :

y = output local vector

4.1.1.4 void amxdis (DistMatrix dm, Vec x, Vec y)

Dot-product version of distributed matrix-vector product.
Distributed matrix and vector product for CSR format

y = dm*x

ON ENTRY :

dm = distributed local matrix handler

x = input local vector

ON RETURN :

y = output local vector
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4.2 aps.c File Reference

#include "../../INCLUDE/psparslib.h"

Functions

¢ int Isch (DistMatrix dm, PreCon precon, IterPar iterpar, Vec rhs, Vec sol)
¢ int rsch (DistMatrix dm, PreCon precon, IterPar iterpar, Vec rhs, Vec sol)

4.2.1 Function Documentation
4.2.1.1 int lsch (DistMatrix dm, PreCon precon, IterPar iterpar, Vec rhs, Vec sol)

Approximate LU-SCHUR left preconditioner

This is a preconditioner for the global linear system which is based on solving approximately the
Schur complement system.

More precisely, an approximation to the local Schur complement is obtained (implicitly) in the
form of an LU factorization from the LU factorization L_i U_i of the local matrix A_i. Solving with
this approximation amounts to simply doing the forward and backward solves with the bottom
part of L_i and U. only (corresponding to the interace variables). This is done using a special
version of the subroutine lusol0 called lusol0_p.

Then it is possible to solve for an approximate Schur complement system using GMRES on the
global approximate Schur complement system (which is preconditionied by the diagonal blocks
represented by these restricted LU matrices).

4.2.1.2 int rsch (DistMatrix dm, PreCon precon, IterPar iterpar, Vec rhs, Vec sol)

Approximate LU-SCHUR left preconditioner

This is a preconditioner for the global linear system which is based on solving approximately the
Schur complement system.

More precisely, an approximation to the local Schur complement is obtained (implicitly) in the
form of an LU factorization from the LU factorization L_i U_i of the local matrix A_i. Solving with
this approximation amounts to simply doing the forward and backward solves with the bottom
part of L_i and U. only (corresponding to the interace variables). This is done using a special
version of the subroutine lusol0 called lusol0_p.

Then it is possible to solve for an approximate Schur complement system using GMRES on the
global approximate Schur complement system (which is preconditionied by the diagonal blocks
represented by these restricted LU matrices).
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4.3 arms2.c File Reference

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include "../../INCLUDE/psparslib.h"

Defines

e #define PERMTOL 0.2
e #define MBLOC 5
e #define OPTION 0

Functions

e int arms2 (DistMatrix dm, PreCon precon, PrePar prepar)

4.3.1 Define Documentation
4.3.1.1 #define MBLOC 5
4.3.1.2 #define OPTION 0

4.3.1.3 #define PERMTOL 0.2

4.3.2 Function Documentation
4.3.2.1 int arms2 (DistMatrix dm, PreCon precon, PrePar prepar)

MULTI-LEVEL BLOCK ILUT PRECONDITIONER.

ON ENTRY :

dm = distributed matrix handler

precon = a pointer to struct _p_PreCon containg preconditioner

prepar = a pointer to struct _p_PrePar containing parameters for preconditioner.
Main parameters in prepar are ipar, 1fil, ipar, droptol and tolind.

ipar[0:17] = integer array to store parameters for both arms construction (arms2) and iteration
(armsol2).

ipar[0]:=nlev. number of levels (reduction processes). see also ”on return” below.

ipar[1]:=bsize. Dimension of the blocks. In this version, bsize is only a target block size. The size
of each block can vary and is >= bsize.

ipar[2]:=iout if (iout > 0) statistics on the run are printed to FILE xft

The following are not used by arms2 — but should set before calling the preconditionning op-
eration armsol2: ipar[3]:= Krylov subspace dimension for last level ipar[3] == 0 means only
backward /forward solve is performed on last level.
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ipar[4]:= maximum # iterations on last level

ipar[5-9] NOT used [reserved for later use] - must be set to zero. [see however a special use of
ipar[5] in fgmresC.]

The following set method options for arms2. Their default values can all be set to zero if desired.
ipar[10-13] == meth[0:3] = method flags for interlevel blocks
ipar[14-17] == meth[0:3] = method flags for last level block

e with the following meaning

meth[0] permutations of rows 0:no 1: yes. affects rperm NOT USED IN THIS VERSION xx enter
0.. Data: rperm

meth[1] permutations of columns O:no 1: yes. So far this is USED ONLY FOR LAST BLOCK
[ILUTP instead of ILUT]. (so ipar[11] does no matter - enter zero). If ipar[15] is one then ILUTP
will be used instead of ILUT. Permutation data stored in: perm?2.

meth[2] diag. row scaling. 0:no 1:yes. Data: D1

meth[3] diag. column scaling. 0O:no 1l:yes. Data: D2 similarly for meth[14], ..., meth[17] all
transformations related to parametres in meth[*] (permutation, scaling,..) are applied to the
matrix before processing it

droptol = Threshold parameters for dropping elements in ILU factorization.
droptol[0:4] = related to the multilevel block factorization

droptol[5:5] = related to ILU factorization of last block. This flexibility is more than is really
needed. one can use a single parameter for all. it is preferable to use one value for droptol[0:4] and
another (smaller) for droptol[5:6] droptol[0] = threshold for dropping in L [B]. See piluNEW.c:

droptol[1] = threshold for dropping in U [B].

1]
droptol[2] = threshold for dropping in L"{-1} F
droptol[3] = threshold for dropping in E U"{-1}
droptol[4] = threshold for dropping in Schur complement
droptol[5] = threshold for dropping in L in last block [see ilutpC.c] droptol[6] = threshold for

dropping in U in last block [see ilutpC.c]

1fil = 1fil[0:6] is an array containing the fill-in parameters. similar explanations as above, namely:
Ifil[0] = amount of fill-in kept in L [B].

Ifil[1] = amount of fill-in kept in U [B]. etc..

tolind = tolerance parameter used by the indset function. a row is not accepted into the indepen-
dent set if the *relativex diagonal tolerance is below tolind. see indset function for details. Good
values are between 0.05 and 0.5 — larger values tend to be better for harder problems.
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4.4 armsheads.h File Reference

#include "data.h"

#include "base.h"

Functions
e int setupCS (csptr, int)
e int cleanCS (csptr)
e int ilutpC (csptr, double %, int *, double, int, ilutptr)
e int setupILUT (ilutptr, int)
e int setupBLU (p4ptr, int, int, csptr, csptr)

int csSplit4 (csptr amat, int bsize, int csize, csptr B, csptr F, csptr E, csptr C)
int CSRes (int n, double *ma, int xja, int xia, csptr bmat)

int cscpy (csptr amat, csptr bmat)

int SparTran (csptr amat, csptr bmat, int job, int flag)

int csPer (csptr, int, int, p4ptr)

int copymat (csptr, csptr)

int copymat2 (csptr, csptr)

int indsetC (csptr mat, int bsize, int *iord, int *nnod, double tol, int nbnd)
int levset (csptr, csptr, int, int *, double *, double)

int dpermC (csptr mat, int *perm)

void all4mat (p4ptr, int)

void plSpar (csptr, int)

void sparmat (csptr, char )

void pILUTmat (ilutptr)

void plperm (p4ptr, int)

int pilu (p4ptr, csptr, csptr, double *, int *, csptr)

int ilutD (csptr, double *, int *, ilutptr)

int roscalC (csptr, double *, int)

int coscalC (csptr, double x*, int)

int armsol2 (int type, double *b, double *x, pdptr levmat, ilutptr ilusch, double *pgfpar,
int *ipar, int flag, FILE «fp)

int armschsol (double #b, double *x, p4ptr levmat, Csr bmat, SchPilu schpilu, IterPar
ipar, FILE «fp)

int add2is (int last, int nod, int xiord, int *riord)

int add2com (int *nback, int nod, int *iord, int sriord)

int weightsC (csptr mat, double *w)

int cs_nnz (csptr A)

int lev4_nnz (p4ptr levmat, int *lev, FILE *ft)

int nnz_arms (p4ptr levmat, ilutptr ilschu, int nlev, FILE xft)

int nnz_armsl (p4ptr levmat, ilutptr ilschu, FILE «ft)

gsplitC (double *a, int *ind, int n, int ncut)

int cleanP4 (p4ptr amat)

int cleanILUT (ilutptr amat, int indic)

int cleanARMS (p4ptr amat, ilutptr cmat)

int rpermC (csptr mat, int *perm)

int cpermC (csptr mat, int *perm)

void swapj (int v[], int i, int j)
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e void swapm (double v[], int i, int j)

e void gsortC (int #ja, double *ma, int left, int right, int abval)

e void printmat (FILE *ft, csptr A, int i0, int i1)

e void Lsol (csptr mata, double b, double *x)

¢ void Usol (csptr mata, double b, double *x)

¢ void matvec (csptr mata, double xx, double *y)

e void matvecz (csptr mata, double *x, double *y, double *z)

¢ void dscale (int, double %, double %, double %)

e int descend (p4ptr levmat, double *x, double *wk)

e int ascend (p4ptr levmat, double *wk, double xx)

e void lusolD (ilutptr ilusch, double *y, double xx)

e int schurprod (p4ptr levmat, ilutptr Smat, double *x, double xy)
e int dlusol (SchPilu schpilu, double xy, double *x)

¢ void giluLsol (SchPilu schpilu, double b, double *y)

¢ void giluUsol (SchPilu schpilu, double *y, double *x)

¢ void Lsolp (int start, int n, csptr mata, double xb, double *y)

e void Usolp (int start, int n, csptr mata, double xy, double *x)

e void lusolDp (int start, int rflag, ilutptr ilusch, double *y, double *x)

e int pgmr (double *rhs, double *sol, p4ptr levmat, ilutptr ilusch, double xpgfpar, int *ipar,
FILE xfp)

e int dpgmr (double xrhs, double *sol, p4ptr levimat, Csr bmat, SchPilu schpilu, IterPar
ipar, FILE «fp)

e int schuramux (p4ptr levmat, ilutptr Smat, Csr bmat, int nbnd, double *x, double *ww,
double *y)

¢ void exbound (SchPilu schpilu, double xx, double *w)

e int schsgssol (double xb, double *x, pdptr levmat, Csr bmat, SchPilu schpilu, IterPar
ipar, FILE «fp)

¢ void sgslusol (SchPilu schpilu, double xwk1, double *wk2)

e int sgsschur (double *rhs, double *sol, p4ptr levmat, Csr bmat, SchPilu schpilu, IterPar
ipar, FILE «fp)

e int schpart (csptr schur, Csr xmat, SchPilu schpilu)

e int gilupgmr (double xrhs, double *sol, p4ptr levimat, Csr bmat, SchPilu schpilu, IterPar
ipar, FILE «fp)

e int sgspgmr (double *rhs, double *sol, p4ptr levmat, Csr bmat, SchPilu schpilu, IterPar
ipar, FILE «fp)

4.4.1 Function Documentation
4.4.1.1 int add2com (int * nback, int nod, int * iord, int * riord)

Adds element nod to independent set

4.4.1.2 int add2is (int * last, int nod, int x iord, int x riord)

Adds element nod to independent set
